The paper gives an overview of indoor climate studies in various schools in Estonia. It is based on various measurements of indoor air temperature and CO 2 concentration in six different schools and provides an overview of the principle of determining the CO 2 level. The indoor climate in six school buildings was investigated and students' relative performance was determined.
Introduction
Poor indoor air quality (IAQ) in indoor spaces, such as classrooms, can have adverse effects on the students' and teachers' comfort and pupils' learning performance.
Over short time scales (hours), poor IAQ causes discomfort, loss of attention and learning ability problems. On the other hand, sufficient ventilation rates in classrooms have been shown to improve students' performance, e.g. in mathematics and reading tests [1] .
The air change rate (ACR) is not sufficient and generally much lower than the mandatory design requirements.
During classroom occupation, the indoor concentrations of carbon dioxide (CO 2 ) can rapidly reach the recommended limit values, and this is caused by an inadequate level of ventilation [2] . In the Netherlands several studies in primary schools showed that the CO 2 concentration exceeded 1000 ppm more than 80% of the time [3] .
Indoor air pollutants might increase the chance of both long and short term health problems among pupils and staff, reduce teachers' productivity and degrade pupils' learning environment and comfort [4] . Studies done in the United States [5] indicated that good air quality in schools has enhanced attendance and reduced health problems among pupils. Research conducted on five classrooms in Hong Kong indicated that with inadequate ventilation the maximum CO2 level may reach 5900 μl/l during a class [6] .
Clements-Croome et al. [8] in their research of eight primary schools in increased by 7% due to the intervention of fresh air supply from 0.3-0.5 to 16 l/s per person. This is supported by [8] , in which small ventilation air flow rates will reduce not only comfort, but also schoolchildren's learning performance in classrooms. Improving classroom conditions can substantially improve the performance of school work by children [9] . Figure 1 shows very high CO2 concentration in classrooms with natural ventilation, which affects students' school performance. It can be seen that the increase in the CO 2 level in a classroom with natural ventilation is about 1500 ppm per school hour, which is higher than the maximum permitted level [10] . (2) Secondary School No37 (5) Gym of Engineering (2) Gym of Westholm (6) Russian Gym of Oismae (2) Gym of German (4) www.witpress.com, ISSN 1743-3541 (on-line)
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The paper presents the results of the study into the dependence of learning performance on the indoor climate in four school buildings, which show significant shortcomings in the indoor air quality of the classrooms. All school buildings have mechanical supply-exhaust ventilation.
Method
This study is based on various measurements of indoor air temperature and CO 2 concentration in six different schools in Estonia. The measurements were taken at the height of 1.2-2.5m from the floor level. HOBO data loggers (Onset Computer Corporation) and TelAire 7001 CO 2 sensors were used to measure the indoor air temperature and CO 2 concentration. The values of the measured parameters were saved in every 1 minute. The air change in the classroom was calculated according to the change in CO 2 concentration during the classes. The number of students in each class was also recorded.
Air change in a room can be determined by the CO 2 concentration change using equation (1) [4] .
where: m -carbon dioxide generation in the room, L -air change in the room, V -volume of the room or design volume, C v -carbon dioxide concentration in external air (in supply air), C -carbon dioxide concentration in room air (in exhaust air), C o -carbon dioxide concentration in the air of the room at the beginning of human activity,  -time.
The air change results determined by formula (1) show good correlation with the measured values.
The dependence of relative performance on the air change in classrooms together with indicators by various researchers are shown in Figure 2 [15].
As indoor temperature deviations from the optimal values are small, the impact of this parameter on performance is small, up to 1%. Therefore, only the influence of air change on the relative performance has been observed.
Results
The objects of investigation were six schools (5 secondary schools, one basic school) in Estonia, their general data are given in Table 1 . These are mainly schoolhouses built in the1960s to 1980s, which were renovated at the beginning of this century. The indoor air temperature in the classrooms of the studied schools is shown in Figure 3 . It can be seen from Figure 3 that the indoor air temperature is at a satisfactory level.
The comparison of schools by the CO 2 level of the indoor air in the classrooms (cumulative graph) is given in Figure 4 .
It can be seen from Figure 2 that the indoor air quality (on the basis of the CO 2 level) is good in School A. However, in schools C, D and E, the situation is very serious. The air change levels in the classrooms determined by formula (1) are given in Table 2 . The same table shows the learning performance by air quality which is determined by the Figure 2 .
Relative performance of students is determined on the basis of air change, the basic value is 6 l/s per student. The air flow rates in different schools by standard prEN 15521-II class, air change l/(s student) and l/(m 2 s) are presented in Figure  5 .
The comparison of learning performance in the studied schools is given in Figure 6 . The figure shows that in school A the air change and learning performance is good. However, in schools C, D and E the situation is very poor. 
Conclusion
The article gives an overview of the indoor climate in six schools in Estonia. The study showed that indoor air temperature in the classes of the studied schools is at a satisfactory level. At the same time even in renovated schools, there are problems with air quality (the CO 2 level is usually very high and air change is modest). The outcome is low learning performance.
The reason for this is the poor performance of mechanical ventilation. On the one hand, this is due to the poor economic situation, schools will seek cost savings by reducing the air flow rates and the operating time of ventilation. On the other hand, the level of renovation is less than optimal. There are particular weaknesses in utility management.
To improve this situation it is necessary to raise the quality of renovation and the operational level of HVAC systems. The study clearly demonstrates that wellorganized ventilation in classrooms is important not only from the aspect of indoor climate comfort, but it also significantly affects students' learning performance.
